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,QWURGXFWLRQ
'LVSURSRUWLRQDWHFROODSVHLVDJUDYLW\GULYHQH[WUHPHHYHQWWKDWPD\EHWULJJHUHGE\DYDULHW\RIUHDVRQVLQFOXGLQJ
EXWQRWOLPLWHGWRRWKHUH[WUHPHHYHQWVDVZHOODVHUURUVLQGHVLJQRUFRQVWUXFWLRQ7KH$OWHUQDWH3DWK0HWKRG$30
LVRQHRIDQXPEHURIDOWHUQDWLYHVWRGHVLJQEXLOGLQJVWRPLWLJDWHSURJUHVVLYHFROODSVH>@$30GHVFULEHVSURFHGXUHV
IRUDQDO\VLQJWKHVWUXFWXUDOV\VWHPWRHQVXUHWKHGHVLJQHGHOHPHQWVDUHFDSDEOHRIWUDQVIHUULQJORDGVIURPDFROODSVHG
SULPDU\ORDGFDUU\LQJHOHPHQWWRWKHUHVWRIWKHVWUXFWXUDOV\VWHP:KLOH$30GRHVQRWUHTXLUHUHPRYDORIPRUHWKDQ
RQHYHUWLFDOHOHPHQWDWWLPHWKHUHVXOWLQJORQJXQVXSSRUWHGVSDQVPD\LPSRVHVLJQLILFDQWGHPDQGRQWKHVWUXFWXUDO
V\VWHP,QDGGLWLRQUHPRYDORIFRUQHUFROXPQVLVSDUWLFXODUO\FKDOOHQJLQJGXHWRWKHUHVXOWLQJORQJFDQWLOHYHUV>@
+RZHYHULWPD\EHIHDVLEOHWRFDUHIXOO\GHVLJQDQGGHWDLOFHUWDLQODWHUDOIRUFHUHVLVWLQJV\VWHPVWRFRQWULEXWHWRWUDQVIHU
RI ODWHUDO IRUFHV LQ WKH HYHQW RI ORVV RI SULPDU\ ORDG UHVLVWLQJ YHUWLFDOPHPEHU >@  7KH )HEUXDU\ 7DLZDQ
HDUWKTXDNHDWDPDJQLWXGHRIFDXVHGVRPHWRSSOLQJOLNHEXLOGLQJFROODSVHVZKHUHFROXPQVDWWKHJURXQGOHYHO
IDLOHGSULRUWREXLOGLQJ¶VSDUWLDORUFRPSOHWHWRSSOLQJFDXVLQJDORVVRIOLYHV7KHDELOLW\RIRXWULJJHUVWRWUDQVIHUORDGV
IURPWKHFROODSVHGFROXPQVWRFROXPQVWKDWDUHSURSHUO\GHVLJQHGDQGSURSHUO\DWWDFKHGWRWKHIRXQGDWLRQZRXOGKDYH
SUREDEO\PLWLJDWHGWKLVIDLOXUH
7KLVSDSHUGHPRQVWUDWHVKRZRXWULJJHUEHOWV\VWHPVWKDWDUHGHVLJQHGWRUHVLVWODWHUDOIRUFHVPD\DOVRFRQWULEXWHWR
PLWLJDWLRQRI WKH GLVSURSRUWLRQDWH FROODSVH$ FDVH VWXG\ LV XVHG WR LOOXVWUDWH WKH GHIRUPDWLRQV DQG IRUFHWUDQVIHU
SDWWHUQLQDWDOOEXLOGLQJZKHQFULWLFDOFROXPQVDUHQRWLRQDOO\UHPRYHG

%DFNJURXQGDQG%DVLVIRU'HVLJQDJDLQVW'LVSURSRUWLRQDWH&ROODSVH

$ VWUXFWXUDO V\VWHP PXVW EH GHVLJQHG EDVHG RQ WKH DSSOLFDEOH EXLOGLQJ FRGH EHIRUH WKH V\VWHP LV FKHFNHG IRU
FDSDELOLW\WRUHVLVWGLVSURSRUWLRQDWHFROODSVH,IWKHGLVSURSRUWLRQDWHFROODSVHRIDVWUXFWXUDOHOHPHQWLVFDXVHGE\DQ
H[WUDRUGLQDU\HYHQWAk$6&(±>@UHTXLUHVWKHVWUXFWXUDOV\VWHPVWRUHVLVWWKHJUDYLW\ORDGGHVFULEHGLQ(TQ


RUDAkLS        

:KHUHD GHDGORDGL OLYHORDGDQGS VQRZORDG

/LQHDUDQGQRQOLQHDUDQDO\VLVSURFHGXUHVDUHSHUPLWWHGDVZHOODVG\QDPLFDQGVWDWLFDQDO\VLVSURFHGXUHVDVGHVFULEHG
LQ WKH8QLILHG )DFLOLWLHV&ULWHULD >@ +RZHYHU SURYLVLRQV IRU SURJUHVVLYH FROODSVH UHVLVWDQW GHVLJQ DQG DQDO\VLV
PHWKRGVYDU\LQVFRSHDQGULJJHUEHWZHHQLQWHUQDWLRQDOEXLOGLQJFRGHVDQGGHVLJQVWDQGDUGV>@
&DVH6WXG\
$FDVHVWXG\RIDFRQFUHWHEXLOGLQJVWUXFWXUHZDVFKRVHQWRDVVHVVWKHHIIHFWRIRXWULJJHUVRQWKHUHVLVWDQFHWRWKH
GLVSURSRUWLRQDWHFROODSVHDVVRFLDWHGZLWK WKH ORVVRI DSULPDU\ ORDGPHPEHU7KHVWRU\FRQFUHWHEXLOGLQJZDV
GHVLJQHGLQDFFRUGDQFHZLWKWKH$PHULFDQ&RQFUHWH,QVWLWXWHGHVLJQFRGH$&,±/DWHUDOIRUFHUHVLVWDQFH
ZDVSURYLGHGXVLQJUHLQIRUFHGFRQFUHWHFHQWUDOFRUHZLWKRXWULJJHUVH[WHQGLQJWRPHJDFROXPQVFRQQHFWHGE\D
SHULPHWHU EHOW V\VWHP  )LJXUH  VKRZV D W\SLFDO IODWVODE IORRU DW WKH ORFDWLRQ RI WKH RXWULJJHUEHOW V\VWHP 7KH
XQUHGXFHGOLYHORDGZDVN1PZKLOHVXSHULPSRVHGGHDGORDGZDVDVVXPHGWREHN1P
7KHWDEOHEHORZVKRZVGLPHQVLRQVRIFROXPQVDQGFRPSUHVVLYHVWUHQJWKYDULDWLRQDORQJWKHKHLJKWRIWKHVWRU\
EXLOGLQJDOORIZKLFKZHUHVDWLVIDFWRU\EDVHGRQ$&,ZLWKUHDVRQDEOHODWHUDOGULIWSHU$6&(&RQFUHWHIORRU
VODELVPPSRVWWHQVLRQHGIRUGHIOHFWLRQFRQWURO$OOIORRUKHLJKWVDUHPHWUHVFHQWHUWRFHQWHUH[FHSWDWRXW
ULJJHUORFDWLRQVZKHUHWKHFHQWHUWRFHQWHUKHLJKWLVPHWUHV
2XWULJJHUVDQGEHOWV\VWHPVDUHORFDWHGDWWKHWKWKDQGWKVWRU\OHYHOV7KHRXWULJJHUVDWWKHWKVWRU\LVPRVWO\
IRUSUDFWLFDOUDWKHUWKDQVWUXFWXUDOSXUSRVHV


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)LJ7\SLFDOSODQYLHZVKRZLQJRXWULJJHUORFDWLRQV
 7DEOH'LPHQVLRQVDQGPDWHULDOSURSHUWLHVRIVXSSRUWHOHPHQWV
6WRU\ &ROXPQ 'LPHQVLRQ
PP
GD\FRQFUHWHFRPSUHVVLYH
VWUHQJWK03D
 0HJDFROXPQ [ 
 0HJDFROXPQ [ 
 0HJDFROXPQ [ 
DOO 6LGH&ROXPQ 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FLUFXODU 
DOO &RQFUHWHVKHDUZDOOVDW
FHQWUDOFRUH
WKLFN 
$QDO\VLV5HVXOWVDQG'LVFXVVLRQ
,QRUGHUWRDVVHVVWKHFDSDELOLW\RIWKHRXWULJJHUV\VWHPWRUHVLVWWKHGLVSURSRUWLRQDWHFROODSVHWKHPHJDFROXPQ%
VKRZQLQ)LJXUHZDVQRWLRQDOO\UHPRYHGDWWKHORZHVWIORRUOHYHOZKLOHREVHUYLQJYHUWLFDOGHIRUPDWLRQVLQWKH]
GLUHFWLRQDQGODWHUDOGHIRUPDWLRQVLQWKH[DQG\GLUHFWLRQV5HPRYDORIDFROXPQDWWKHORZHVWIORRUOHYHOUHSUHVHQWV
WKHKLJKHVWGHPDQGRQWKHVWUXFWXUDOV\VWHP
0RUHRYHUUHPRYDORIDQ\PHJDFROXPQLQDV\VWHPVLPLODUWRWKHRQHVKRZQLQ)LJXUHLVVWUXFWXUDOO\FKDOOHQJLQJ
XQOHVVWKHUHDUHHOHPHQWVFDSDEOHRIWUDQVIHUULQJJUDYLW\ORDGVWRRWKHUSDUWVRIWKHVWUXFWXUHLQWKLVFDVHLWZRXOGEH
WKHRXWULJJHUV&RUQHUFROXPQVIRUH[DPSOHLQDQ\VWUXFWXUDOV\VWHPZLWKRXWRXWULJJHUVDUHFKDOOHQJLQJEHFDXVHRI
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WKHH[WHQGHGFDQWLOHYHULQJV\VWHP>@7KHGLIIHUHQWO\FRORXUHGDUHDWULEXWDU\WRPHJDFROXPQ%LVZKHUHPDJQLILHG
JUDYLW\ORDGVDUHDSSOLHGWRDFFRXQWIRUG\QDPLFHIIHFWV>@ 7KHEOXHFRORXUHGUHPDLQLQJDUHDLVORDGHGZLWKD
JUDYLW\ORDGFRPELQDWLRQVLPLODUWR(TQEXWZLWKRXWWKHFROODSVHWULJJHULQJHYHQWAk

)LJ1RWLRQDOO\UHPRYHGFROXPQ%

,QRUGHUWRXQGHUVWDQGWKHFRQWULEXWLRQRIWKHRXWULJJHUV\VWHPWKHVWUXFWXUDOV\VWHPLVPRGHOOHGDQGDQDO\VHGIRU
WKHSURJUHVVLYHFROODSVHJUDYLW\FRPELQDWLRQVZLWKRXWRXWULJJHUVILUVW7KHGHIRUPDWLRQUHVSRQVHIRUWKHVWUXFWXUDO
V\VWHPRQJULGOLQHVHH)LJXUHLVVKRZQLQ)LJXUH$OOFROXPQVDERYHWKHQRWLRQDOO\UHPRYHGFROXPQORVWWKH
FDSDFLW\WRFDUU\ORDGZKLOHFROXPQVRQWKHRWKHUVLGHRIWKHEXLOGLQJUHPDLQHGXQGHUD[LDOFRPSUHVVLRQ
,QRUGHUWRXQGHUVWDQGWKHFRQWULEXWLRQRIRXWULJJHUVWRWKHVWUXFWXUDOUHVSRQVHVWHHORXWULJJHUDQGEHOWV\VWHPZHUH
DGGHGWRWKHVWUXFWXUDOV\VWHPDWWKHWKWKDQGWKVWRU\VLPLODUWRZKDWZRXOGQRUPDOO\EHDGGHGWRFRQWUROWKH
ODWHUDOGHIRUPDWLRQ7KHGHIRUPDWLRQUHVSRQVHGXHWRWKHJUDYLW\ORDGLVVKRZQRQ)LJXUH7KHSHDNGHIRUPDWLRQ
UHVSRQVHGHFUHDVHGERWKODWHUDOO\DQGD[LDOO\7KHSUHVHQFHRIRXWULJJHUVGHFUHDVHGWKHODWHUDOGHIRUPDWLRQIURP
PPWRPPLQWKH[GLUHFWLRQDODQGIURPPPWRPPLQWKH\GLUHFWLRQ$[LDOGHIRUPDWLRQDOVRGHFUHDVHG
IURPPPWRPP)LJXUHDOVRVKRZVWKDWRXWULJJHUVUHVXOWHGLQD[LDOJUDYLW\ORDGVUHGLVWULEXWHGRQ
HLWKHUVLGHRIWKHFRQFUHWHFRUHFRPSDUHGWRRQHVLGHLQWKHFDVHRIV\VWHPZLWKRXWWKHRXWULJJHU
)LJXUHDOVRVKRZVWKDWRXWULJJHUEHOWV\VWHPUHVXOWHGLQIDYRXUDEOHD[LDOORDGUHGLVWULEXWLRQZKHUHJUDYLW\ORDGV
DUHQRZFDUULHGRQHLWKHUVLGHRIWKHFRUH7KLVIDYRXUDEOHUHGLVWULEXWLRQUHVXOWVLQUHGXFLQJWKHPD[LPXPVWUHVVRQ
FROXPQVWKHUHIRUHOLPLWLQJWKHSRVVLELOLW\RIIXUWKHUFROODSVHWULJJHUIDLOXUHRIDGGLWLRQDORYHUVWUHVVHGFROXPQV
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&RQFOXVLRQV
2XWULJJHUV\VWHPVWKDWDUHRIWHQXVHGWRUHVLVWODWHUDOIRUFHVGXHWRHDUWKTXDNHVDQGZLQGPD\DOVREHH[SOLFLWO\
GHVLJQHGWRPLWLJDWHWKHGLVSURSRUWLRQDWHFROODSVHGXHWRWKHIDLOXUHRIDSULPDULO\ORDGFDUU\LQJFROXPQ7KLVSDSHU
GHPRQVWUDWHGWKURXJKDFDVHVWXG\WKDWVWLIIRXWULJJHUEHOWV\VWHPVFRQQHFWHGWRDULJLGFRQFUHWHFRUHDUHFDSDEOHRI
UHGXFLQJ WKH SHDN GHIRUPDWLRQV GXH JUDYLW\ ORDGV DVVRFLDWHG ZLWK SURJUHVVLYH FROODSVH 7KLV UHGXFWLRQ RI SHDN
GHIRUPDWLRQ UHVSRQVHDORQJZLWKD IDYRXUDEOH UHGLVWULEXWLRQRID[LDO IRUFHVFRQWULEXWH WR VWDELOL]LQJ WKH VWUXFWXUDO
V\VWHPSRVWFROXPQFROODSVHWRDVVLVWZLWKHYDFXDWLRQHIIRUWV)XUWKHUPRUHUHGLVWULEXWLRQRIJUDYLW\IRUFHVUHVXOWV
LQ UHGXFLQJ WKHD[LDOFRPSUHVVLYHVWUHVV FRPSDUHG WR WKHV\VWHPZLWKRXWRXWULJJHUV5HGXFLQJD[LDOFRPSUHVVLYH
VWUHVVGHFUHDVHVRSSRUWXQLWLHVIRUIXUWKHUFROODSVHVVXEVHTXHQWWRWKHLQLWLDOFROXPQFROODSVH

 
)LJ'HIRUPDWLRQUHVSRQVHGXHWRSURJUHVVLYHFROODSVHJUDYLW\ORDGDQGQRWLRQDOUHPRYDORIFROXPQ%LQV\VWHPZLWKRXWRXWULJJHUV

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)LJ'HIRUPDWLRQUHVSRQVHGXHWRSURJUHVVLYHFROODSVHJUDYLW\ORDGDQGQRWLRQDOUHPRYDORIFROXPQ%LQV\VWHPZLWKRXWRXWULJJHUV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRDFNQRZOHGJHWKHILQDQFLDOVXSSRUWRI WKH&HQWHURQ6XVWDLQDEOH%XLOW(QYLURQPHQWDO
WKURXJKJUDQWQXPEHU
5HIHUHQFHV
>@'R''HVLJQRI%XLOGLQJVWR5HVLVW3URJUHVVLYH&ROODSVH±8)&²8QLILHG)DFLOLWLHV&ULWHULD86'HSDUWPHQWRI'HIHQVH86$
>@0RKDPHG2$VVHVVPHQW RI 3URJUHVVLYH&ROODSVH 3RWHQWLDO LQ&RUQHU 3DQHOV RI5HLQIRUFHG&RQFUHWH%XLOGLQJV -RXUQDO RI (QJLQHHULQJ
6WUXFWXUHV
>@0RKDPHG2$0RGHOOLQJRI6WHHO6WUXFWXUHVIRU3URJUHVVLYH&ROODSVH0LWLJDWLRQ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